Background: The NEAT001/ANRS143 trial demonstrated noninferiority of ritonavir-boosted darunavir combined with either raltegravir (RAL + DRV/r) or tenofovir disoproxil fumarate/ emtricitabine (TDF/FTC + DRV/r) in HIV-positive, antiretroviralnaive adults. In post hoc analyses, however, RAL + DRV/r showed inferiority in patients with baseline CD4 + ,200/mm 3 and HIV-1 RNA $100,000 copies per milliliter. This preplanned ancillary study was conducted to assess whether differences in adherence might explain efficacy results.
INTRODUCTION
Treatment of HIV infection relies on combination antiretroviral therapy (ART), which is highly effective in achieving control of HIV replication, in recovering immune deficiency and thus in allowing for improved life expectancy. 1 Nevertheless, effectiveness of ART may be hampered by suboptimal adherence to medication intake. 2 Many factors, which may be related to the patient, the circumstances and the treatment, may impede drug intake exactly as prescribed. It has been widely demonstrated that a negative impact on medication adherence is mainly driven by 2 factors: complexity of the regimen, determined by repeated daily dosing and number of pills, and treatment side effects. 3, 4 In an era with more convenient antiretroviral (ARV) regimens, patients' perceived side effects and treatment convenience or satisfaction are becoming the most important factors for sustained adherence. 5 Also, in clinical trials, adherence to study medications is essential for reaching study outcomes and may influence trial results. ARVs are highly efficacious in suppressing HIV but associated with low adherence rates and may eventually lead to low virologic efficacy and selection of drug resistance compromising future treatment options. The NEAT001/ ANRS143 study was a phase 3, open-label, noninferiority, randomized, multicenter clinical trial comparing the efficacy and safety of the nucleotide reverse-transcriptase inhibitor (NtRTI)-sparing regimen of ritonavir-boosted darunavir (DRV/ r) plus raltegravir (RAL) with the standard triple drug regimen of DRV/r plus tenofovir disoproxil fumarate/emtricitabine (TDF/ FTC) for first-line combination ART in HIV adults naive to ARVs. 6 Notably, the 2 study arms were different in respect to number of daily dosages and pills with a higher complexity burden in the RAL + DRV/r than in the TDF/FTC + DRV/r arm. The final results, obtained in 805 patients with a median of 123 weeks of follow-up, showed noninferiority of the NtRTI-sparing regimen compared with the standard treatment. In prespecified subgroup analysis, this finding was confirmed for patients with CD4 + cells .200 cells/mm 3 , whereas in patients with ,200 cells/ mm 3 , the RAL + DRV/r arm was inferior to the standard triple regimen. A nonsignificant difference toward more failures in the NtRTI-sparing treatment group was also observed in patients with baseline HIV-1 RNA of 100,000 copies per milliliter or more. A post hoc analysis indicated that the inferiority of the NtRTIsparing regimen was restricted to patients with baseline CD4 + cell count ,200/mm 3 and HIV-1 RNA $100,000 copies per milliliter. It may be possible that in this patient subgroup, composed of more difficult-to-treat patients with advanced HIV disease, nonadherence behaviors may have played a relevant role.
The preplanned ancillary study on patient self-reported adherence to ARVs was conducted to compare levels and time trends of different adherence measures by treatment arms, to evaluate association of adherence with virological failure, and particularly to assess whether differences in adherence to RAL + DRV/r or TDF/FTC + DRV/r might explain subgroup efficacy results in the NEAT001/ANRS143 trial.
METHODS

Study Design and Participants
The NEAT001/ANRS143 trial was a phase III, openlabel, randomized trial performed in 15 European countries.
The full study design and procedures are described elsewhere. 6 Eight hundred five ARV-naive adults were randomized in a 1:1 ratio to receive either 2 pills of darunavir 400 mg and ritonavir 100 mg once daily combined with 1 pill of raltegravir 400 mg twice daily (5-pill twice-daily regimen) or 1 pill of tenofovir/ emtricitabine 245/200 mg fixed-dose combination once daily (4-pill once-daily regimen). In agreement with the principles of the Helsinki declaration, the Ethics Committee of each participating center approved the study protocol, and all study patients gave written informed consent. The study was registered with ClinicalTrials.gov, number NCT01066962.
Adherence Assessment and Procedures
Adherence assessment was based on patient-reported measures, and participants were asked to complete a modified version of the AIDS Clinical Trials Group questionnaire. 7 This was considered useful based on literature showing that best estimate of adherence should be based on a combination of several measures. 8 The following questions were asked: Please report the number of doses of your anti-HIV medications you have eventually missed over the last 4 days (for each drug, number of doses missed "yesterday"; "2 days ago"; "3 days ago"; and "4 days ago"); How closely did you follow your timing-specific schedule? (more than 2 hours deviation over the last week; response options: "never," "some of the time"; "about half of the time"; "most of the time"; and "all of the time"); Did you interrupt your anti-HIV medications in the absence of provider input (response options: "no"; "yes") and in case of affirmative answer number of days with missed medications (response options: "1 day"; "2 days," "3-4 days"; "5-6 days"; and "$7 days"); What was the adherence to your anti-HIV medications over the last 30 days? (response options on a visual analogue scale [VAS] from 0 [not taken any dose of the anti-HIV medication] to 100% [taken every single dose]). On average, participants needed 5 minutes to fill the questionnaire. Patients were asked to complete the adherence questionnaire at 5 study visits after the start of study medications: week (W) 04, W12, W24, W48, and W96. The questionnaires were centralized in sealed anonymous envelopes, so that site staff remained unaware of the patient's replies. Blood samples were obtained concomitantly. CD4 cell counts and viral loads in plasma were measured at local laboratories with commercially available viral load assays, with no change in the kits throughout the trial. 6 
Adherence Endpoints Outcomes
The percentage of prescribed ARVs taken during the previous 4 days was calculated as: (1 -[number of selfreported missed doses/number of doses prescribed])*100. Of note, the number of doses (tablets) prescribed in 4 days was different in the 2 treatment arms: 16 in the TDF/FTC + DRV/r arm and 20 in the RAL + DRV/r arm. For both number of doses taken/prescribed and the VAS, the primary endpoint was predefined as $95% versus ,95% adherence. Furthermore, predefined adherence categories were ,80%, $80-95%, $95-99%, and 100%. As secondary endpoints, "no timing deviation" was defined as reporting to follow the timing-specific schedule "all of the time" versus all other categories together. We also analyzed timing deviations as ordered variable but did not find any differences and so we did not report the results. Unplanned treatment interruptions since the last visit were analyzed as "yes" (ie, any interruptions) versus "no," and as ordered categories.
Statistical Analyses
The 2 arms of the trial were compared as randomized according to and based on available data. As secondary analysis, participants were analyzed per-protocol with censoring when any component of the initial randomized trial treatment was stopped. The primary endpoint was compared between the 2 randomization arms across all study visits using generalized estimating equation (GEE) models. Secondary endpoints were the variation of adherence at different time points of follow-up and determination of the level of adherence required for successful virological suppression among the 2 treatment arms. Possible determinants of adherence across study visits were analyzed using GEE models, including time on ART, sex, age, mode of HIV infection (homosexual/bisexual men versus other route of transmission), ethnicity (white versus nonwhite), country, baseline CD4 + cell count, and baseline HIV-1 RNA. The association between adherence measures and time to virological failure was evaluated by using Cox regression with timeupdated adherence in univariable and multivariable models (using the same factors as described above). Confirmed virological failure was defined as change of any component of the initial randomized regimen before week 32 because of documented insufficient virological response (defined as reductions of less than 1 log 10 copies per milliliter in HIV-1 RNA by week 18 or HIV-1 RNA 400 copies per milliliter or higher at week 24); failure to achieve virological response by week 32 (defined as HIV-1 RNA concentrations of 50 copies per milliliter or higher); and HIV-1 RNA concentrations of 50 copies per milliliter or higher at any time after week 32. All virological components of the primary endpoint had to be confirmed by a second measurement. 6 In post hoc analyses, we also looked at the association of adherence with the primary endpoint of the NEAT001/ ANRS143 trial, which was time to virological or clinical failure. 6 Patients with failure before the first adherence assessment were excluded in these analyses. Because in NEAT001/ANRS143 higher failure rates in the RAL + DRV/ r arm were seen in those with CD4 + cells ,200 cells/mm 3 and HIV-1 RNA $100,000 copies per milliliter at baseline, we examined whether adherence was lower in this subgroup or whether, in this subgroup, the association with HIV-1 RNA suppression/virological failure differed between the randomization arms. Statistical analyses were performed using Stata Statistical Software Release 14 (StataCorp, College Station, TX).
RESULTS
Between August 2010 and September 2011, 805 treatment-naive adults were enrolled into the NEAT001/ ANRS143 trial and randomized to RAL + DRV/r (n = 401) or TDF/FTC + DRV/r (n = 404). Of these, 10 withdrew before the first adherence assessment at week 4. Additional 21 participants (13 in the RAL-DRV/r arm and 8 in the TDF/ FTC + DRV/r arm) did not provide any adherence data after W0 and were excluded from the adherence analyses (characteristics of these patients were similar to the whole study population; data not shown). Of the remaining 774 participants, 310 (40%), 227 (29%), 96 (12%), 76 (10%), and 65 (8%) had 5, 4, 3, 2, and 1 adherence assessments, with no differences between the treatment arms. Baseline characteristics of the 774 participants retained in analysis were broadly similar between the 2 treatment groups (383 RAL + DRV/r and 391 TDF/FTC + DRV/r), except for a small difference in age. 72/774 (9%) patients had CD4 + cells ,200 cells/mm 3 and HIV-1 RNA $100,000 copies per milliliter, with no differences in the 2 treatment arms (Table 1) . During follow-up, 55 (7%) patients discontinued any component of their randomized regimen for any reason for more than 30 days between randomization and their last adherence assessment (RAL + DRV/r: n = 33; TDF/ FTC + DRV/r: n = 22). The proportion of patients who had discontinued was similar in the 2 treatment arms with overall percentages of ,0.5%, 1%, 2%, 4%, and 8% at W04, W12, W24, W48, and W96, respectively.
Medication Adherence Overall and by Treatment Arm
Adherence by treatment arm as assessed by the different adherence measurements is shown in Figure 1 and a summary over all visits in Table 2 .
Number of Doses Taken Over the Last 4 Days
Across all visits, the percentage of participants who have taken $95% of their medications was higher in the TDF/FTC + DRV/r arm and ranged from 91% to 93% compared with 87% to 91% in the RAL + DRV/r arm [odds ratio (OR) 1.43; 95% confidence interval (CI): 1.04 to 1.97; P = 0.029]. Results were similar when analyzing drugs taken in the 4 ordered categories ,80%, $80-95%, $95-99%, and 100% (OR 1.71; 95% CI: 1.14 to 2.58; P = 0.0096). Overall adherence and the difference between the arms did not change over time (no significant statistical interaction between arm and time). When looking at individual drugs, we found no difference between the arms in adherence to DRV or ritonavir. Although in the TDF/FTC + DRV/r arm, there was no difference in adherence to DRV, ritonavir, and TDF/FTC, in the RAL + DRV/r arm, adherence to RAL was slightly lower than to DRV or ritonavir (proportion of patients with $95% of medication taken across all visits was 88% for RAL versus 91% for DRV/r; P , 0.001).
Adherence on the Visual Analogue Scale
The proportion of patients with $95% of prescribed medication taken over the last 30 days ranged from 90% to 92% without difference between the arms (P = 0.66). However, patients in the TDF/FTC + DRV/r arm had significantly better adherence across all visits when compared with the RAL + DRV/r arm (OR 1.55; 95% CI: 1.13 to 2.13; P = 0.0072). Adherence in both arms was decreasing over time (P , 0.0001): 100% adherence at weeks 04, 24, and 96 was reported in 88%, 77%, and 71% in TDF/FTC + DRV/r, and in 76%, 71%, and 67% in RAL + DRV/r.
Of note, concordance for the adherence category of $95% between adherence in the last 4 days and VAS across all visits was 88%, with no difference between the randomization arms.
Following the Timing-Specific Schedule Over the Last Week
The proportion of patients with no timing deviation of more than 2 hours ranged from 45% to 50%, with a trend for better adherence in the TDF/FTC + DRV/r compared with the RAL + DRV/r arm (OR 1.26; 95% CI: 0.99 to 1.62; P = 0.06), and no significant change over time (P = 0.45). Across all visits, 16% patients reported to have never followed the timing schedule, 13% some of the time, 2% half of the time, and 21% most of the time (P = 0.53 for comparison of arms).
Unplanned Treatment Interruptions After the Last Visit
Across all visits, no treatment interruption was reported in 92% with no statistically significant difference between the arms (P = 0.30); on 5%, 1%, 1%, ,0.1%, and 0.6% of visits, treatment interruptions of 1 day, 2 days, 3-4 days, 5-6 days, or $7 days were reported. Of note, treatment interruptions were more frequently reported with longer follow-up (P = 0.008) and were 6%, 9%, and 11% at weeks 04, 24, and 96 across both arms.
Adherence by Treatment Arm and Viroimmunological Parameters
When comparing medication adherence between patients with different baseline CD4 + cell count (,200 versus $200 cells/mm 3 ) or baseline HIV-1 RNA (,100,000 versus $100,000 copies per milliliter), there were no significant differences in any of the adherence measures, neither overall nor differential in the 2 study arms (no statistically significant interaction with treatment arms; results not shown). There were also no differences when comparing participants with CD4 + ,200 cells/mm 3 and HIV-1 RNA $100,000 copies per milliliter with the rest of the study population (Table 2) .
Among participants with at least 1 adherence measurement, virological suppression at HIV-1 RNA ,50 copies per milliliter was achieved at W04 in 26% of cases (12% in the TDF/FTC + DRV/r arm; 40% in the RAL + DRV/r arm), and at W12 in 63% of cases (48% in the TDF/FTC + DRV/r arm; 78% in the RAL + DRV/r arm). Thereafter, the proportion of patients with HIV RNA ,50 copies per milliliter was similar in the 2 arms with overall percentages of 84%, 86%, 91%, 92%, 93%, and 91% at weeks 24, 32, 48, 64, 80, and 96, respectively. The associations between adherence and HIV-1 RNA ,50 copies per milliliter at the time of assessment are summarized in Table 1 , Supplemental Digital Content http:// links.lww.com/QAI/B212.
Association of Adherence Measures With Virological Failure and Primary Endpoint
The analysis of adherence measures and virological failure according to the virological component of the main In addition to virological failure, we analyzed the relationship between adherence measures and the primary endpoint of the NEAT001/ANRS143 trial including also clinical failures (122 failures, of which 104 were virological failures), and found similar associations.
We then repeated the analyses for the subgroup with baseline CD4 + ,200 cells/mm 3 and HIV-1 RNA $100,000 copies per milliliter, where higher failure rates had been seen in the RAL + DRV/r arm compared with the TDF/FTC + DRV/r arm. No significant associations of adherence with virological failure or the primary endpoint were observed. In the RAL + DRV/r arm, for this specific group of patients, the HR was ,1 and lower for all 4 adherence measures compared with all patients in the RAL + DRV/r arm and with participants in the TDF/FTC + DRV/r arm suggesting that in this subgroup, good adherence might be more relevant than in the TDF/FTC + DRV/r arm; however, P values were not significant.
Factors Associated With Adherence
Multivariable analyses confirmed the associations described above between specific adherence measures and randomization arm and time on study (Table 4 ). In addition, older age was significantly associated with better medication adherence (except time deviation). We also found that nonwhites had significantly worse adherence than whites across various measures (except treatment interruptions), and that adherence significantly differed between countries. We did not find an association of any of the adherence measures with either sex, or baseline CD4 + cell count, or baseline HIV-1 RNA. and can change over time. In the NEAT001/ANRS143 study, ART-naive subjects on average self-reported high levels of adherence to study drugs in both treatment arms. More in depth analysis of adherence behaviors showed for the TDF/ FTC + DRV/r group compared with the RAL + DRV/r group significantly higher adherence rates at all time points in 3 of 4 adherence measures (number of doses taken over the last 4 days, 30 days of adherence on the VAS, and deviation from timing-specific schedule). The only adherence measure significantly associated with time to virological failure or the primary endpoint of the NEAT001/ANRS143 trial including also clinical failures was ,95% adherence at short-term patient recall (ie, "doses taken in the last 4 days"), with no difference between the 2-arm subgroups based on viroimmunological baseline status; we did not see significant differences in any of the adherence measures, neither overall nor differential in the 2 study arms.
The threshold of .95% adherence to prescribed doses and tablets was established as a requirement for achieving virological suppression with first-generation unboosted protease inhibitors, a class with short half-live, low genetic barrier to resistance development, and limited forgiveness. 9 Further studies showed that adherence and virological suppression improved with simplified regimens and lower pill burden, although in a meta-analysis of 19 studies published through March 2013, patients on once-daily regimens did not achieve virological suppression more frequently than patients on twice-daily regimens. 10 Impact of adherence behavior might also depend on the drug class considered. With ritonavir-boosted protease inhibitors, average adherence was a better determinant of virological success than was the duration or frequency of treatment interruption, whereas for non-nucleoside reverse-transcriptase inhibitors, consecutive missed doses were associated with the highest risk of virological failure. [11] [12] [13] RAL is a well-tolerated and effective drug that demonstrated durable virological suppression in first-line ART through 240 weeks of therapy. 14 However, because of its twice-daily formulation, RAL may be highly susceptible to various nonadherence behaviors, such as selective morning or evening dose skipping, short treatment interruptions, and suboptimal levels of adherence. These patterns are common in clinical practice. 15 In a prospective study assessing the patterns of adherence to RALbased regimens, longer treatment interruption and average adherence were both independently associated with virological failure. 16 Of note, TDF/FTC is considered as the most forgiving N(t)RTI combination because of the very prolonged intracellular half-lives of the 2 drugs. 17 Our study seems to confirm the importance of high adherence levels (ie, .95%) on likelihood of virological success. Keeping in mind that self-reported adherence may overestimate real drug intake attributing virological failure to differences in efficacy between treatment arms and leading to incorrect study conclusions, the only adherence measure associated with virological failure was self-reporting ,95% of doses taken/prescribed in the past 4 days, with no difference between treatment arms. These results, suggesting that adherence in the past 4 days had a greater impact on Interaction test of baseline strata with arm P = 0.96 P = 0.55 P = 0.41 P = 0.37 P = 0.91 P = 0.86 *Always = at 100% of assessed visits; never = at 0% of assessed visits; sometimes = .0% and ,100% of assessed visits. †Average across all visits.
virological failure than treatment interruption, can probably be explained by the fact that treatment interruptions $5 days were seen in less than 0.7% of visits. Indeed, over a 30-day period, missing 1 dose on 7 consecutive days (clustered missed doses) will not have the same impact as missing 7 doses on single independent days (interspaced missed doses). 18 Of interest, in our study, unplanned treatment interruptions were very infrequent, increased with prolonged follow-up, but with no differences between treatment arms. This could reflect treatment fatigue or some interfering social/ personal events independent of ARV regimen. In our study, given the short plasma half-life of RAL, even short-term RAL interruptions could have led to ineffective intracellular concentrations in some patients, even with high levels of average adherence. In the subgroup of patients with baseline CD4 + ,200/ mmc and HIV-1 RNA .100.000 copies per milliliter, there were no significant associations of adherence with virological failure or the primary endpoint, and no significant difference between the arms. In the RAL + DRV/r arm, we noted a decreased hazard ratio in this specific patient group for all 4 adherence measures compared with all patients in this arm, and to participants in the TDF/FTC + DRV/r arm suggesting that in this subgroup, good adherence might be more relevant than in the TDF/FTC + DRV/r arm; however, P values were not significant. Based on this result, the higher rate of virological failure in the subgroup of patients with baseline CD4 + ,200/mm 3 and HIV-1 RNA .100,000 copies per milliliter found at the explanatory post hoc analysis was not explained by differences in adherence. However, it should be considered that numbers were small in this subgroup, and the trial was not specifically powered to conduct subgroup analyses to this regard. In fact, it is possible that, rather than an absence of effect, the sample size was not large enough to detect a significant association between adherence levels and inferiority of RAL + DRV/r in respect to TDF/FTC + DRV/r in patients with worse viroimmunological status (ie, CD4 cells ,200/mm 3 or CD4 cells ,200/mm 3 and HIV RNA .100,000 copies per milliliter).
The best way to measure adherence, from a clinically relevant standpoint, is still debated. 19, 20 Patient self-reported measures of ARV adherence can greatly vary in terms of item content, format, or period investigated. 21 Nevertheless, the method is frequently used because of utilization ease, low costs, nonintrusiveness, and wide applicability. Overestimation of real adherence rates due to desirability bias may be of concern for the validity of self-reported adherence measure but applies in a randomized clinical trial to both treatment arms equally. An analysis of 1247 HIV-positive subjects participating in multicenter medication adherence-promotion trials showed that self-report overestimated actual medication ingestion by an average of 26% points compared with electronic drug monitoring. 22 Furthermore, the patient's recall of medication intake in answering diverse adherence questions may reflect not only drug ingestion but also other aspects, such as patient's perception and/or satisfaction to treatment. In fact in our study, the rather low concordance observed between categories of self-reported number of doses taken in the last 4 days and 30-day adherence at the VAS (88%) is likely to be due to these aspects. Medication event monitoring system, the gold standard in some studies, can by itself represent an interventional bias and could be associated to poor adherence to the device that measures the adherence behavior. 23 Evaluation of differences between adherence measures remains an interesting aspect to investigate, and methods for cocalibration of different instruments are needed. 24 The fact that adherence worsened over time in our results is consistent with previously reported data. 25 Our results show that nonwhite ethnicity was associated with lower adherence and rate of virological failure or primary endpoint occurrence. Lower adherence in nonwhite patients cared for in Australian centers has been associated with social and cultural issues, independently of regimen composition. 26 Complying to a twice-daily regimen might be more problematic in patients faced with poverty, poor housing, and eating insecurity. Older age was associated with better adherence, independently of regimen allocated, and whatever the measure of adherence. Many studies have documented younger age as a relevant factor associated to lower adherence, emphasizing the need for targeted counseling on adherence barriers in this population. [27] [28] [29] With regards to study limitations, the most important issue as mentioned above is that, besides missing adherence data, the study was not specifically powered to conduct subgroup analyses. Therefore, it is not possible to determine whether our findings substantiate the hypothesis of efficacy difference between TDF/FTC + DRV/r and RAL + DRV/r in ART-naive subjects with worse baseline viroimmunological status or whether they are due to insufficient power for subgroup analyses. Furthermore, disparities in clinical management across centers may have impacted adherence behaviors, and we cannot exclude the fact that some nonadherence behaviors may have been missed because of the infrequent collection of self-administered questionnaires. Finally, measurement of adherence by patient self-report can overestimate medication intake, but more objective measures such as plasma drug concentrations or medication event monitoring system have other disadvantages, such as "white coat adherence" close before clinic visit or intrusiveness in the patient's daily life. On the contrary, one of the main strengths of the study is the evaluation of adherence to ARVs within a randomized clinical trial comparing of TDF/ FTC + DRV/r versus RAL + DRV/r in a large patient population that was followed up for a considerable period. Second, as the study protocol did not include adherence interventions, the results provide valuable information about adherence dynamics in ARV-naive HIV-infected persons and its relation to virological outcome.
In conclusion, in this randomized study comparing 2 strategies of first-line ART, average adherence assessed by patient self-report was high in both arms, but slightly and significantly better for TDF/FTC + DRV/r compared with RAL + DRV/r. Only adherence ,95% in the last 4 days was associated to a higher risk of virological failure, with no differences between the 2 arms. Adherence levels were not different in baseline CD4 + and HIV RNA strata across arms, and there was no convincing evidence that higher failure rate in the RAL + DRV/r arm in the subgroup of patients with baseline CD4 + ,200/mmc and HIV-1 RNA .100,000 copies per milliliter found at the explanatory post hoc analysis of the NEAT001/ANRS143 trial was caused by adherence differences.
